Since the pioneer work of Webster (37) and Gowen and Calhoun (14) , the determinants, genetic and environmental, of natural resistance to infectious diseases have been extensively studied. For some diseases a few major determinants are discemible, but for others there are many factors from among which, at present, a few can be isolated.
Early work, which studied resistance to Salmonella typhimurium in inbred mouse strains, pointed to the importance of the mononuclear phagocyte system (MPS), particularly in the liver (21) . More recent work has shown differences in clearance of carbon by the MPS of resistant and susceptible mice (4) . Genetic resistance to Salmonella in mice has been attributed to a high bactericidal capacity of the MPS and considerable resistance to the toxic effects of bacterial lipopolysaccharides (15) . A range of resistance to S. typhimurium in several inbred mouse strains has been reported (27) . It was found that C57Bl/6J mice were susceptible whereas A/J mice were highly resistant. This variation in host response was shown to be specific for a particular organism, since C57Bl/6 mice were resistant to Listeria and Cryptococ-I Present address: Department of Virology, Wellcome Research Laboratories, Beckenham, Kent, England. cus neoformans whereas A/J mice were susceptible.
Workers at The Rockefeller University claimed to have demonstrated that Corynebacterium kutscheri, a natural pathogen in mice, could exist undetected in the host in the form of an atypical "avirulent variant." They further claimed that C57BI/6 mice were resistant to virulent C. kutscheri due to their latent infection with the avirulent variant whereas uninfected Swiss Lynch (standard name probably SWR; see reference 32) mice were susceptible (10, 23) . A preliminary examination of the C57BI/6 and Swiss Lynch mouse strains, obtained from The Rockefeller University, confirmed their differing resistance to C. kutscheri, although neither strain was found to carry either C. kutscheri or the avirulent variant. The mechanism of resistance was studied ex-'tensively in the two mouse strains. In particular, the fate of a challenge organism over 3 days was followed in the livers and kidneys of normal mice, and a large difference in MPS function was demonstrated (Hirst, manuscript in preparation).
The present work describes how resistance to C. kutscheri, at first apparently not inherited (7, 8, 10, 23) This technique has been previously described (29, 31) .
Assessment of comparative susceptibility to C. kutscheri. In a preliminary experiment, a single intravenous dose of 104.7 CM23 showed that only the various C57BI strains were highly resistant. Thereafter, dilution ranges were used, judged to vary closely around the expected LD50 dose in each strain and generation, in order to obtain for each an estimated LD50 (23) . Batches of about 25 mice were used where strains were compared, and batches of about 45 mice were used where different generations were compared; details are given in the tables.
Assessment of MPS activity. To compare each strain, 10 mice were injected intravenously with 1072 CM23Sr. After 10 min, five mice were sacrificed. Their livers were weighed and homogenized, and the number of viable C. kutscheri was determined. The remaining mice were similarly treated after 3 days.
To compare the parental strains and the different generations in the breeding program, batches of about 180 mice were challenged intravenously with 10'3 CM23Sr. This dose had been established in a preliminary experiment as being suitable for the two parent strains and subsequent generations. On the 3rd day after challenge, the mice were sacrificed in batches of 50, and their livers were removed, homogenized, and immediately frozen in 2-ml volumes in liquid nitrogen; viable counts were made after the samples had been removed and thawed quickly. This procedure was found not to affect recovery of the organism and facilitated handling the large number of samples involved. These counts were sensitive only to the level of 100 viable units per liver.
Data analysis. A statistical method was used which compares the observed frequency of a character in a sample against an expected frequency.
This system was applied to test the hypothesis that the trait MPME (mononuclear phagocyte microbicidal efficiency) would be present in a model population (P2 + P3) in proportions similar to the ratio in which this trait would be expected to segregate in a given generation (P1), i.e., P1 = P2 + P3. By a suitable computer technique it was possible to establish values for P,, P2, and P3 compatible with the above equation for which x2 is at a minimum, i.e., at which the data are in maximum agreement with the hypothesis. If this x2 were significantly large, the hypothesis would have to be rejected.
In our system this argument applied to the frequency within each of the seven log1o-interval classes, covering all classes. However, to maintain adequate expectation in numbers in each class in practice, it was necessary to dichotomize the data about the loglo 3.00 interval.
RESULTS
Comparative susceptibility to C. kutscheri.
(i) Inbred strains. The LD5o data obtained for the various mouse strains including Swiss Lynch and C57B1/6 are given in Table 1 . The genotypes and phenotypes shown are as given by Staats (32) .
The inbred strains fell clearly into three classes, the C57B1 substrains all being resistant, CBA, A/J, and Swiss Lynch being susceptible, and the other five strains (including three substrains of C3H) being intermediate. The there was no obvious association between resistance/susceptibility and the segregating A/a locus in one backcross type and the segregating Ckc locus in the other. Table 4 gives information similar to that in Table 3 On the basis of the decrease in C. kutscheri over 3 days, the strains fell into two groups. Swiss Lynch A/J, CBA, C3H, and BALB/c showed a decrease of between 14-to 60-fold, whereas the decrease in the Fl of the Swiss Lynch crossed to C57BV/6, strain C57BI/1OA, and strain C57BI/6 was greater than 600,000-fold. Further support for our hypothesis was obtained from a similar analysis of data from the F2 and backcross to C57BI/6 generations ( Table  8 ). An alternative hypothesis, that MPME was controlled by two loci that segregated independently, or was a single locus with a pair of codominant alleles, was also tested. Although already excluded by the statistically acceptable postulate of a dominant and a recessive allele, the high chi-square value obtained (24.47, 2 df, P < 0.001), which rejected this hypothesis, clearly demonstrated the sensitivity of this test. (Table  5) point to polygenic inheritance and suggest that the segregating genes exert neither dominance nor epistacy. The LD50 does not allow a more exact description of inheritance because it depends on pooling all possible measurements into two classes, "lived" and "died" (6, 9) .
The establishment of a genetic basis for resistance is, however, of merit since it supplies a sufficient explanation of the variation observed among different strains. This explanation supplants that put forward by earlier workers in terms of"infection immunity" and latency (7, 8, 10, 23) . Moreover, we have found that resistant C57BI/6 mice, when hysterectomy derived and fostered onto "clean" susceptible mouse strains, were as resistant as the original parent stock (Hirst, in preparation).
The study of levels of MPS activity strongly supports the notion of a single locus controlling MPME at this point in resistance to C. kutschern. The lack of association between segregation at the locus controlling this trait and the sexes of Fl parents and backcross progeny precludes sex linkage and sex limitation. The locus, to which we have provisionally ascribed the symbol ack (anti-C. kutscheri), is thus autosomal (16) . The dominant allele Ack determines microbicidal efficiency to C. kutscheri, and the recessive allele ack determines inefficiency. This finding is easily accommodated within the general conclusion from the study using LD5, values; it merely isolates a discrete part of the structure of resistance. It is reasonable to suppose that the dominance ofAck is not discernible in the polygenic system indicated by the LD50 study because it is obscured by other loci segregating. Indeed, there have been several reports of a polygenic inheritance of resistance to disease, followed by the discovery of one major locus (or of a few major loci) controlling a particular part of the structure of resistance (3, 6) .
There is also good precedent for the involvement of the MPS in resistance to Salmonella (4, 14, 20) and to Leishmania donovani, resistance to which was ascribed to a single autosomal dominant gene, acting at the level of the liver macrophage (5) . It has also been the trend of recent work, with its more sensitive measurements, to invoke single loci as determinants of resistance to virus infections (1, 12, 13, 17) . From work that used both LDN and liver and spleen counts as criteria for resistance, it was claimed that control of resistance to infection with S. typhimurium was by a single autosomal dominant gene or cluster (25) . However, since spleen and liver counts were made 10 days after a single subcutaneous challenge, both specific and nonspecific mechanisms of resistance would have strongly influenced the growth rate of the organism. As far as is known, our findings are the first instance, in the study ofresistance of mice to bacterial infection, in which a case for polygenic inheritance has been followed by the discovery of a component controlled by a single locus operating at a particular level of the general structure of resistance.
It should be noted, however, that polygenic systems may or may not include variation due to environmental factors or environment/genotype interaction. Weight (which can be environmentally or genetically controlled), because it can affect LD,0 values, points to environmental factors. The large variance of the parental generations in the MPS study points to environmental factors. These may or may not consist only of variation in treatment procedures (despite our efforts to prevent it). By contrast, the smaller variance of the Fl generation points to heterosis. Our data leave open the question of nongenetic factors affecting MPS activity.
Phenomena associated with inherited resistance. From recent data, it can be concluded that at least two major traits are associated with resistance to S. typhimurium in mice (27) . Analysis of these traits suggested that one, the rate of onset of delayed hypersensitivity, was associated with the H2 histocompatibility haplotype of inbred mice (24) . It was further suggested that this trait could be controlled by immune-response (I-region) genes (24) located within the H2 region (19) .
From our data there appeared to be no associations between H2 and either the ack locus or LD50. However, a second trait, the in vivo growth rate of S. typhimurium (C. E. Hormache, in preparation), has also been described. Although identity data are not yet available, this trait appears similar to the trait MPME reported here. It is possible, therefore, that the ack locus which controls MPME has a more general role, but until the linkage group is known this remains uncertain.
There were no associations between LD50 or MPME and any of the other loci segregating: the color lociA/a, B/b, Clc, and Did, the H3 and H6 histocompatibility haplotypes, and the immunoglobulin heavy-chain allotypes. Nevertheless, our observation of no close linkage with the color lociA/a and C/c is of some interest. An association between resistance to tuberculosis and the color locus C/c was found in the very strains of mice used in our breeding program (C57Bl/6 and Swiss Lynch) (22); moreover, increased survival time of the Fl of these strains after infection with the tubercle bacillus has been described (18) . It has also been reported that all non-agouti (aa) mouse strains examined were highly resistant to C. kutscheri (10, 23) .
There is no evidence from our data to suggest the involvement ofIr genes controlling activity at what we have called the Ack locus or, indeed, resistance to C. kutscheri in general.
